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Riassunto. L'analisi qlrantitatìvà dei foraminiferi bentonici della
sezione composita dell'Isola di San Nicola (lsole Tremiti, Mare Adri-
atico), spessa crcca 37 m e riferita al Serravalliano, ha evidenziato cam-
biamenti nelle condizioni paleoecologiche al fondo in quest'area del
Mediterraneo orientale durante I'intervallo di tempo studiato. Le asso-
ciazioni rinvenute, tipiche di ambiente batiale, indicano una paleoba-
timetria costante di circa 1.OOO m. I cambiamenti nelle associazioni a
foraminiferi bentonici hanno permesso di suddivìdere la sezrone com-
posita in cinque interr.alli, che sono stati successilamente calibrati sulla
scala astrocronologica per ricostruire I'evoluzìone paleoan.rbientale
delle condizioni al fondo durante I'intervallo studiato. In partìcol:re r
partire dalla base della sezione, sono state individuate le seguenti dit-
ferenti condizioni ai fondo: 1) tra circa 1.2.62 e 12.29 Ma è stata indi-
viduata un'alta produttività di superficie con circolazione al fondo atti-
va e, di conseguenza, con un accumulo relatìvo dì materia organica al
fondo; queste condizioni si sono modificate parzìalmente nell'interval-
1o tra circa 1,2.49 e 1,2.29 Ma, dove le associazioni bentoniche indicano
condìzioni al fondo instabili, cararÍ.erizzàre da alternanza di circo-
lazione attiva e circolazione rallentata, rispettir-amente testimoniàte
dall'abbondanza relativa di Cibicidoides u;uellerstorfi e da picchi di
abbondanza del gruppo Bwlimina subulata;2) relativa ossisenazionc e
basso contenuto di materia organica tra circa 12.29 e12.08 Ma; 3) con-
dizioni deterìorate per aumento della produttività di superficie e/o
maggiore pre\er\aTione delia materia organic: :l fondo. te.timoniate
dall'abbondanza dr Uvigerina peregrina-pygmaea, tra 12.0E e 11.81 Ma;
4) relativa ossìgenazione e scarso apporto di materia organica rra circa
11.81 e 11.45 Ma; 5) condizioni simili a quelle della parte basale della
sezìone (L2.62 - 12.29Ma circa) tra circa 11.45 e 11.10 Ma, nlx con un
incremento dell apporro di mlteria org.:nica.
Infine, il confronto tra la ricostruzione paleoecologicr delh
sezione composita delle Tremiti e quella deila sezione composita di Ras
il-Pellegrin a Malta, og€ietto di un altro lavoro, nelf interlallo compre-
so tra circa 12.6 e 1.2.2 Ma, ha evidenziato paleobatinetrìe stìmate
molto diverse, ma condizioni paleoecologiche al {ondo piuttosto sim-
ili e produttività di superficie relativamente alta.
Abstract. Quantitative analysis of benthic tor:minifera from
the Serravallian S. Nicola composite section (Tremiti Isiands, Adriatic
Sea) rnd rbout JZ m thick, pointed out changes of bottom paleoeco-
logical conditions in this eastern Mediterranean area during the ana-
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ll zed tinre interrrl. Benthic lor:minifer.rl r..emblrge\ rrr t) pical of
bathyal environment and indicate a constant paleobathymetrl'of about
1,000 m. Changes in benthic foraminiferal essemblages alio*-ed us to
identify five interr,als, r.hich n'ere afterward calibrated on the
astrochronological scale to reconstrllcr the paleoecological evolution
of bottom conditions. In particulrr srrrtìng from the b.rse of the sec-
tion the follon'ing different botton-r conditions have been identified: 1)
betw'een about 12.62 to about 12.29 Ma high surface productivitr',
active bottom x.ater circulation and, consequently moderate bottom
food suppll-; this paleoenr.ironment slightlv changed between about
12.,19 and 12.29 Ma, n-here benthic assemblages testify unstable bot-
tom condìtions s'ith periods of active cìrculation (relative abundance
ol Cibicidoides tuuellerstorfí), alternated t'ith periods of sluggish cir-
culation (peaks of Bulímina subulata group); 2) relativelv oxvgenated
paleoenvironment together with los- food supply betr-een about 12.29
and i2.08 Ma; 3) increase of organic matter content (abundance of U.
peregrina-plgmaea), due to higher surface productivitv and/or greater
preservation of organìc matter at bottorn from 12.08 to 11.81 Ma;'l)
relativell' c,x,vgenated conditions with low food suppl1' from 11.81 to
about 11.45 Ma; 5) similar conditions to those of the basrl p.rrt of the
section (about \2.62- - 12.29 Ma) from about 11.45 to i1.10 Ma, but
with an increase of organic matter content.
Finally, the comparison betu'een the paleoecological recon-
struction of the S. Nicola composite section and Ras il-Pellegrin
(Malta) composite section, reported in another paper in the interval
betn'een about 12.6 and 12.2 Ma, pointed out ver)' different extimated
paleobathl'metries, but similar paleoecological bottom conditions as
evidence of relatively high surface productivìt,v.
lntroduction
Benthic foraminifera have been used successfulll.
for paleoenvironmental and paleoceanographic bottom
reconstructions (Streeter 1973; Schnitker 1979 Geb-
hardt 1999; Sgarrella er aI.1999) since their Recent dis-
tribution is generally controlled by changes of bottom
water properties, such as temperature, salinity, oxygen
and food supply, and is also related to autoecology of
species. Generally, species of different microhabitats
indicate bottom oxygen and organic matter contents; in
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Fig. 1 - Location map of Cemetery and Castle secrions.
fact epifaunai species are abundant in well oxygenated
and food-limited environments (Corliss & Chen 1988;
Corliss & Emerson 1990; McCorkle et aI. 199A;Jorissen
et aI. 1,992, inter alios), whereas infaunal taxa are able to
Iive with low oxygen (Corliss 1985) and high organic
matter contents. Therefore, bottom conditions affect
the benthic foraminiferal assemblages. In fact, when
bottom oxygen content values increase also the pore
water oxygen concentration is higher and its penerrarion
is deeper (Rutgers van der Loeff tllO; and favour the
development of both epifaunal and infaunal assem-
blages. On the contrary, with bottom water low oxygen
values and/or high organic marrer conrenr, oxygen of
pore water decreases. According to Van der Zwaan k
Jorissen (1991) infaunal species recorded in the sedi-
ment during periods of well oxygenated bottom waters
are also able to change their microhabitat and to shift
upward to epifaunal microhabitat during periods of low
oxygen bottom content and very low oxygen penerra-
tion depth in the sediments. Consequently, many
authors (Van der Zwaan & Jorissen 1991; Katho 1994;
Jorissen et al. 1995; den Dulk et al. zOOO) pointed out
that benthic foraminifera are very good indicators of
bottom oxygen conrent, which is inversely related to
organic matter content.
According to Linke &. Lutze (1993) epibenthic
foraminifera from elevated microhabitat 
^re 
considered
indicative of good bottom circulation, since they are
suspension feeding depending on food supply origina-
ted from lateral advection.
In this paper we reporr data on paleoecological
analysis of benthic foraminiferal assemblages from Mid-
dle Miocene sections cropping out ar rhe Tremiti Islands
(Adriatic Sea, eastern Mediterranean Sea). The biostrati-
graphic reconstruction of these secrions by means of
calcareous plankton (Foresi et al.2A02a) indicates that
the investigated time interval is comprised between the
middle Serravallian and the basal Tortonian.
This study represents the second srep of our
investigations on Middle Miocene Mediterranean paleo-
ecological and paleoceanographic evolution, which fol-
lows that concerning the faunai and geochemical study
of the Ras il-Pellegrin composite section (Bellanca et al.
2444, cropping out at the Malta Island (central
Mediterranean) and attributed to the upper Langhian -
middle Serravallian interval by Foresi er. aI. Qaa2b).
Our maior goals are: 1) the paleoecological recon-
struction of the bottom water conditions in the eastern
Mediterranean Tremiti area during the Serravallian, by
means of benthic assemblages, and 2) the comparison of
these results with those obtained in the coeval sediments
of the central Mediterranean Malta area (Bellanca et al.
2002).
Materials
\fe studied the Cemetery and the Castie sections,
which are located in the NV and SE sides, respectively
of the S. Nicola Island (Fig. 1). The Cemetery secrion is
19 m thick. The Castle section has a total thickness of
26.03 meters and consists of two lower and upper sub-
sections of 7.61 and 18.42 meters thick, respectively,
separated by a shear plane. Bioturbations and scattered
molluscs such as Flabellipecten and Neopycnodonte are
present throughout the sections. More detailed strati-
graphic informations on rhese sections are reported in
-t] oresl et at. tluQ/-a).
Correlation between the two sections was estab-
lished on the base of the calcareous plankton events.
Combining the two sections which partially overlap the
S. Nicola composite section (Fig. 2) whose thickness is
abost 37 m thick, has been obtained (Foresi et aL.2Aa2a;
Lirer et aI.2aA2).
The S. Nicola composite section consisrs of deep-
marine cyclically bedded hemipelagic sediments of Ser-
ravallian age. According to Lirer et aI. (2002 ) it shows a
quasi-regular rhythmic alternation of red-grey coloured
less indurated, CaCO3-poor-marly beds and whitish-
coloured, CaCO3-rich marly limestones (Fig. 2).
Methods
The benthic foraminiferal assemblages from
5Z samples (Fig. 2; Tab. 1) have been studied and
more precisely we anil.yzed 2O samples, from the
base to 9 m, with the aim to correlate this interval
with the coeval upper part of the Ras il-Pellegrin
composite section, studied in greater detail by Bel-
Ianca et al. (2Q02) . l-rom 9 m up ro rhe top,37
S. Nicola composite section
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Tab. 1 - List of analyzed samples along the S. Nicola composite
s ection.
Fig. 2 - Location of the analyzed samples along the S. Nicola com-
posite section. Lithology and calcareous plankton bio-
events are reported.
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more spaced samples have, been studied.
The samples analyzed from 25 m to the top of the
section are relatively few and, therefore, it has not been
possible to discriminate the influence of the astronomi-
cal forcing in the long-term paleoecological interpreta-
tlon.
For each sample all the benthic specimens were
picked out, identified and counted from the fraction >
125 p,m. The fraction was split with a microsplitter to
obtain a sub-sample containing more than 200 - 300
benthic specimens. Taxon abundance is expressed as per-
centage of the total fauna. The benthic number (BN)
was calculated as the total number of specimens in the
fraction >1.25 p.m per gram of dry sediment and repor-
ted as BN >125 p,m.
The quantitative data were elaborated by Q-mode
Factor Analysis using CABFAC program (Imbrie &
Kipp 1971; Klovan & Imbrie 1971).
Benthic foraminiferal analyses
Abundance
The distribution of BN > 125 St"m along the S.
Nicola composite section is reported in Fig. 3a. The
average value is 471 specimens per gram of sediments.
The BN > 125 trrm shows a general increasing trend
upward with peaks of highest values. Between O and 9 m
the values range from 200 to 400, but in the upper part
of this interval three peaks vrith values higher than 800
are recorded. Between 9 and 15 m the vaiues range from
2OO to about 4OO. Between 15 and 22 m peaks with val-
ues higher than 800-1,000 are recorded. Between 22 - 3A
m the values range from 300 to 600, and finally, between
30 and 37.3 m BN > 125 pm shows an increasing trend,
with values ranging from 500 to 800 and only one very
high value of about 1,200 on the top of the section.
. Soecies distribution
The distributions of abundant or common species
are reported in Fig. 3b-c. Cibicidoides dutempleiand C.
swbhaidingerll species are lumped together and are
reported as C. dutemplei (the most abundant between
these two species) because they show a very close simi-
larity (Van Morkhoven et al. 1986) and are represented
by many intergraded specimens, which are difficult to
separate since they are not well preserved. Moreover, we
lumped together Uoigerina peregrina and IJ. pygmaea,
because they are difficult to separate for a quantitative
analysis, since they occur with typical and well devel-
oped specimens, but many tests are broken and show
only the initial part, which is similar in both species.
Finally, we reported the Bwlimina swbulata group count-
ing B, subulata, which is the most abundant species,
together with B. elongata and B.lappa,which are subor-
dinate species.
Species or group of species reported in Fig. 3b-c,
show distinct fluctuations. C. ungerianus and Lenticuli-
na spp. are constantly present with percentage values
generally ranging from 5 to 1Oo/o.
The species [Jtigerìna proboscidea and Cibici-
doides dutemplei (Fig. 3b) show similar distribution
trends. They show highest percentage values in the low-
est part of the section up to about 8 m and a slight
increase from about 29 m up to the top of the section.
Only U. proboscìdea shows a further intermediate
increase between 16 and 19 m.
The folloqring species display fluctuating values
along the section with three intervals of higher abun-
dance (Fig. 3t..): Cibicidoides pachyderma from 0 to Z m,
from 11 to about 17 m and from 21.5 m to the top;
(J',,,igerina rwtila from 0 to about 9 m; from 17 to 2A m
and from 32 to 34 m; Siphonina reticwlata from 2 to
3.6 m, from 11to 16.5 m and from 28.5 m to the top;
PulLenia bulLoides from 6 to 9.5 m, from 1,7 to 21 m and
from 25 m to the top; Cibicidoides ruwellerstorfi from 6
to 1 1 m, from 21 to 23 m and a reduced third peak from
about 30 to 35 ml Uaigerina barbatwla from 8 to 16.5 m,
from 22 to 23 m and from about 31 to 32 m. Moreover,
C. pachyderma, [J, rutila and C. wuellerstorfi show a
superimposed upward decreasing trend.
Cibicidoides bradyi and Bulimina swbulata group
(Fig. 3b) are significant only in the lowest part of the
section up to about 4 and 9 m respectively, and show a
clear upward decrease.
The following species or group of species (Fig. 3c)
are relatively abundant up to about 18-22 m and decrease
upward: SpiroplectìneLla carinata, Gyroidina spp., Buli-
mina minima, Cibicidoides incrassatws and Oridorsalis
wmbonatws.
The middle part of the section (1,5-22 m) is char-
actertzed by abundance ol U'uigerina peregrìna-pygmaea,
together wtth Rotalia ecuadorana, Bulimina alazanensis,
Hanzawaia boueana and Cibibidoides cicatricosws (Fig.
3c) . Among these species R. ecwadorana and B. alaza-
nensis íirsr occur from 13.8 and 19.5 m, respectively.
G. subglobosa, Bolivina albatrossi and Bolivina
reticulata (Fig. 3c) are abundant in the upper part of the
section from22 m to the top. Among these species only
B. albatrossi first occurs from about 22 m tpward.
Moreover, we point out the rare occurrence of
Globocassidulina punctatd from 3.4 to 16.5 m. This
species was instituted by Van Morkhoven et al. (1986)
from Eureka core material (Gulf of Mexico) who report-
ed an of Early Miocene (N 6) to Late Miocene (N 1Z)
stratigraphic range.
Quantitative data treatment
The relative abundance of 31 species and 4 groups
of species (comprehensive taxonomic units) in 57 sam-
ples were elaborated by Q-mode Factor Analysis. All
the species with percentage values less than 2o/, have
been discarded. Four factors have been rotated and thev
explain a total variance of 83%, with high communali-
ties. Rotated Varimax Factor Scores are reported in Tab.
2. Varimax Factor Loadings are plotted in Fig. 4.
Factor 1, which explains a variance ol 29"/o, is
dominated by U. barbatula, C. ungerianus, C. pachyder-
ma, Lenticulina spp., with C. uuellerstorfi, C. dutemplei
and S. carinafa as low scoring components.
Factor 2, which explains a variance of 25"/", is
dominated by U. proboscidea, with U. rutila as second
low scoring component.
Factor 3, which explains a variance of 15%, is
dominated by Uvigerina peregrìna-pygmaeat with R.
ecuaclorana, H. boueana, C. cicatricosws and C. ungeria-
nus às low scoring components.
Factor 4, which explains a variance of 147o, is
dominated by Bulimina subulata group, with O. umbo-
natus, Gyroidina spp., P bwlloides and U. rwtila as Iow
scoring components.
Discussion
Paleobathymetry
The benthic foraminiferal assemblage, recorded all
along the S. Nicola composite section, is represented by
species typical of bathyal environment (see Murray 1991
and Van Morkhoven et al. 1986, for a review).
In particular, we point out the continuous and
significant presence o{ C. wuellerstofi (Fig.3b), which
shows percentage values up to 87o, but with an average
zone of 3%. This species is characteristic of bathyal at
depth greater than 1,000 m in the oceans (Murray
1991). Van Morkhoven et al. (1986) reported, as person-
al communication of Schnitker, percentage values of C.
zuwellerstorfi from about 1, to 4'k at depths of 980-4,200
m in the North Atlantic. The percentage values of this
species would indicate a wide paleobathymetric range,
but the contemporaneous presence of S. reticwlata and
the abundance of U. proboscidea allow us to carry out a
better paleobathymetric reconstruction. In fact, S, retic-
ulata is recorded in Recent Mediterranean Sea between
80 and 1,OOO m (Parker 1958; Bizon 8c Bizon 1984), and
U. proboscidea is recorded as most common species at
depths near 1,000 m in open oceans sites, particularly at
low la-titudes (Boersma 1984). Therefore, we can esri-
mate a paleobathymetry of about 1,OOO m a1l along the
composite section.
Benthic foraminiferal assemblages: paleoecological
interpretation
Varimax Factor Loadings plotted along the S.
Nicola composite section (Fig. a) evidenced, four dif-
ferent assemblages:
- Assemblage 1 (Factor 1, Tab. 2): U. barbatula, C,
ungerianus, C. pachyderma, Lenticulina spp.are domi-
nant species together with C. .rauellerstorfi, C. dutempleì
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and S. carinafa, as relatively subordinate species. U, bar-
batula is considered a species tolerant of moderate oxy-
gen deficiency (Borsetti et al. 1986), C. ungerianus and
C. pachyderma are considered epifaunal and oxic species
(Corliss 1985; Corliss & Chen 1988). In particular, C,
pachyderma is recorded by Miao & Thunell (1993) in
South China Sea when oxygen content increases and
organic carbon decreases. In Mediterranean Sea this
species is recorded (as Heterolepa pseudongeriana) as
abundant in wùrmian sediments (Blanc-Vernet et al.
1983; Sgarrella 1988), when bottom waters were well
oxygenated and with sufficient food supply due to
increase of water mixing during cold periods. On the
contrary, Lenticwlina spp. are considered as suboxic indi-
cators (Kaiho, 1,994). C. wuellerstotfi is an epibenthic
species from elevated microhabitats (Lutze & Thiel
1989), which according to Linke & Lutze (1993) is
indicative of bottom water hydrodynamism. C. wueller-
storfi is also considered indicative of the North Atlantic
Deep \X/ater in Recent Oceans sediments (see a synthe-
sis in Murray 1991); whereas it decreases in the Mediter-
ranean during Late Pliocene (Sprovieri & Hasegawa
1990). C. dutemplei is considerèd as oxic species (Van
der Zwaan 1982), but also tolerant of relatively low oxy-
gen conditions (Sgarrella et al.1999), whereas S. carina-
ta is recorded as oxic species (Van der Zwaan 1982).
Since most of previous reported species are considered
oxic, whereas suboxic genera or species are subordinate,
the Assemblage 1 may be considered an index of rela-
tively oxygenated bottom waters.
- Assemblage 2 (Factor 2,fab.2): U, proboscidea js
the dominant species together with U. rwtila as subordi-
nate species. (1. proboscidea is reported by Boersma
(1984) as mosr common species in open oceans sites at
depths near 1,OOO m, particularly at 1ow latitudes, and as
index for low rates of organic accumulation. On the
other hand, abundance peaks of the same species in Late
Neogene Indian Ocean DSDP Site 214 are inferred to
represent times of high surface productivity and
increased upwelling with input of organic carbon at bot-
tom (Gupta & Srinivasan 199a; 1992). Gupta & Srini-
vasan (1990) pointed out that positive peaks of U. pro-
boscidea are associated also to intensified botrom warer
circulation. U. rwtila seems tolerant of moderate oxygen
deficiency (Borsetti et al. 1986). Following more recent
literature data of Gupta & Srinivasan (1990; 1992), we
infer that Assemblage 2 testifies high surface productivi-
ty, input of organic carbon, but with active bottom water
circulation and, consequently moderate bottom food
supply.
- Assemblage 3 (Factor 3, Tab. 2): it is dominated by
[J'uigerina peregrina-pygmaea, with R. ecuadorana, H.
boweana, C. cicatricosus and C. ungerianus as subordi-
nate species. U. peregrina- pygmaed. is indicative of high
B. Russo, F. Sgarrella & S. Gaboardi280
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Angulogeríua angulosa
An omalin oi des spis s ifor mis
Astrononion umbilicdtulum
Bolívina dlbatrossíí
Bolívina arta
Bolivina reticulata
Bulimína alazqnensis
Bulinina costata
Bulínina subuldta gîotp
Bulimina minima
Burseolina calabra
Cassidulina laevigata
Cibìcidoides bradyi
C i bi c i do i d es c i c atr í c o s lts
Cibicídoídes dutemplei
C i b i c í do í de s in cras s atus
Cíbícídoides pachyderma
C i b i c i d o i d e s u n ger i Inus
Cíbicidoides wuellestorf
G I o bocas sídulína sub glob os a
Gyroidina spp.
Hanzqwqia boueqnq
Lenticulína spp.
Oridorsdlìs umbonatus
Pullenía bulloides
Rotalia ecuadorana
Siphoiliila reticulata
Sp h ae r o i dina bu I I o ide s
Spir op I e ct ammín a wighti
Sp í r op I e c t i n e I I a car i nat a
Trifarina bradyi
Uvigerina barbatula
Uv i ger i n a p e I e gri n a- py gmqe a
Uvigerina proboscidea
Uvigerínd rutÌla
0,038 0,022 -0,003 0,02
0,017 0,016 0,108 -0,051
0,045 0,003 0,0'74 -0.023
0,008 0,005 -0,016 0,043
0,037 0,048 0,1,+1 0,001
0,14',7 0,068 0.052 -0,023
-0,05 0,005 0,051 0,057
0,032 0,065 -0,04 0.177
-0,136 -0,025 -0,029 0,71',7
0,036 -0,004 0,171 0,068
0,t26 -0,008 -0,002 -0,019
0,045 0,075 0,087 -0,043
0,071 0,105 -0,063 -0,004
0,057 0.032 0,224 0,04
0,231 0,175 -0,003 0,015
0,143 0,072 -0,0E7 0,006
0,357 0,i73 0,058 -0,161
0,378 0,003 0,21 0,082
0,241 0,029 0,053 -0,006
0,097 0,078 0,019 -0,054
0,063 0,128 0,1 1 5 0,2s9
0,064 0,008 $,22'7 0,054
0,309 0,12 0,04 0,148
0,t32 -0,036 -0,054 0,32
0,03 0,109 0,107 0,22r
-0,078 -0,028 0,333 0,045
0,198 0,106 -0,016 -0,083
0,068 -0,036 0,t24 0,041
0,052 -0,003 0,012 -0,0i9
0,214 -0,004 -0,012 0,017
0,038 0,028 0,06 0,004
0,421 -0,t47 -0,013 -0,053
-0,t42 -0,015 0,746 -0,028
-0,229 0,881 0,003 -0,0'72
0,186 0,201 -0,191 0,219
Tab.2 - Benthic foraminiferal Varimax Factor Score matrix. The
most significant variables are reported in bolc.
organic matter bottom content (Lutze & Coulbourn
1984;Lutze 1986; Van Leeuwen 1986; Van derZwaan et
aI. 1986; Altenbach 1988), which is inversely related to
low oxygen content (Milier 8e Lohman 1982; Miao &
Thunell 1993; Schnitker 1994). Among subordinate
species, H. boueana is reported as tolerant of increased
bottom salinity (Van der Zwaan 1982), C. cicatricosus is
reported from South Atlantic DSDP Site 532 in area of
coastal upwelling (Boersma 1984) and therefore it may
be considered also tolerant of low oxygen bottom con-
tent, whereas C. wngerianus is an oxic indicator, as
reported before. Therefore, this assemblage may be con-
sidered indicative of high food supply àndlor greater
preservation of organic matter bottom content.
- Assemblage 4 (Factor 4,Tab. 2): it is dominated by
Bwlimina subwlata group, with O. umbonatus, Gyroidina
spp., P bulloides and Ll . rutila as subordinate species. B.
swbulata group is considered a species indicative of low
oxygen bottom conditions (Cita 1.973; Van der Zwaan
1982; Kaiho 1994; Bellanca et al. 2AA4. O. umbonatus is
considered as opportunistic species by Sgarrella et al.
(1997) since it is among the first re-colonizing species in
the Mediterranean basin after the earliest Pliocene
flooding. On the other hand, O. umbonatzzs is also
recorded in bottom environments with low organic car-
bon content and relatively high oxygen values by Mack-
Taxa1,234 ensen er al. (1985) and Miao 8r Thunell (1993). P bul-
loides is considered indicative of high flux of organic
matter to the bottom in the north Atlantic (Mackensen
et al. 1985; Haake er aI. 1992). Gyroidina spp. are typi-
cal of suboxic environments (Kaiho 1994), whereas U.
rwtila seems tolerant of moderate oxygen deficiency, as
stated before. Tacking into account the clear dominance
o{ B. swbulata gro:up in the Factor 4, we believe this
assemblage is indicative of low bottom oxygen content.
Bottom conditions along the S. Nicola composite section
Varimax Factor Loadings plotted along the S.
Nicola composite section (Fig. +) display numerous
fluctuations without a single trend and allow us to iden-
tify four principal changes in benthic foraminiferal
assemblages which divide the S. Nicola composite sec-
tion into five intervals, named with letter from A to E
(Tab. 3). Each of them is characterized by high factor
loadings, and by dominant, associated species, and also
additional species (Tab. 3). These last are significant
species only in a short segment of the interval. In Tab. 3
also BN >125 pm is reported for each interval, since its
high values are generally related to increase in produc-
tivity (Berger Er Diester-Haass 1988; Flerguera & Ber-
ger 1,991; Herguera 1992).
In Fig. 5 the five identified intervals are calibrated
on astrochronological time siale, reconstructed by Lirer
et aI. Q)Al through the tuning of sedimentary cycles to
the different components of the insolation curve of
Laskar et al. 11993).
Paleoecological interpretation of the five identi-
fied intervals together with their chronological attribu-
tion are reported below.
lnterval A (0 - I mi 12.62 - 12.29 Ma about):
It is characterized by the Assemblage 2 (Factor 2)
with dominance of U. proboscidea and subordinately by
species of the Assemblage 1 (Factor i), such as C,
pachyderma, Lenticwlina spp., C. ungerianus (Tab. 3).
Among associated species also Gyroidind spp., conside-
red suboxic indicators, are recorded. Between additional
species, C. bradyi, an opportunistic species able to live
both in oxic and suboxic environments (Sgarrella et a1.
1999), and S. reticwlata and B. reticwlata, both reported
as oxic species (Van der Zwaan 1.982), are recorded. BN
> 125 pm shows lowvalues (Tab. 3).
In Lhe upper part of this interval, starting from 4.5
m, alternance of C. wuellerstorfi and B. subulata grotp
and two peaks of high values of BN > 125 pm have to
be pointed out.
Dominance of Assemblage 2 testifies high surface
productivity, input of organic carbon, but active bottom
water circulation and, therefore, moderate bottom food
supply during Interval A. This active circulation is con-
firmed also by subordinate species of Assemblage 1,
which indicate relatively oxygenated bottom conditions,
Benthic foraminì.fera as indicators of paleoecological bottom
faetor 2 faelor 3 factor 4
1 -O O.O O-5 1 -O O-O O.5 1 .O O-O O-5 1 -O
and by low values of BN >
1,25ytm, which seems to indicate
a moderate bottom food supply.
The upper part of this
interval corresponds to unstable
bottom conditions, with periods
of "normal" bottom oxygen
content and good circulation,
mostly testified by C. wueller-
storfi, alternated with periods of
reduced bottom oxygen content
and sluggish circulation. testi-
fied by B. swbulata group peaks.
lnterval B (9 -15 m;12.29 -
12.08 Ma about)
It is characterized by domi-
nance of the Assemblage 1 (Fac-
tor 1), with dominance of U. bar-
batula, C. pachyderma, C. unge-
rianus and Lenticwlina spp., and
by lovr values of BN > 125 1tm
(Tab. 3). Dominance of Assem-
blage 1 indicates relatively oxy-
genated bottom waters and low
food supply during Interval B.
lnterval C (15 -22 m; 12.08 -
11.81 Ma about):
This interval is characteri-
zed by Assemblage 3 (Factor 3).
dominated by U. peregrina-pyg-
maea, fogether with species of
the Assemblage 4 (Factor 4) and
subordinately of Assemblage 2
(Factor 2). BN > 125 pm shows
high values (Tab. 3).
Therefore, the Interval C
testifies high food supply and/or
greater preservation of organic
matter.
lnterval D (22 - 30 m; 11.81
- 11.45 Ma about)
It is similar to Interval B,
since most of species of the
Assemblage 1(Factor 1) are
recorded (Tab. 3). In particular,
C. wngerianus and C. pachyder-
ma are dominant.
Nevertheless, following
differences are recorded between
these two intervals: 1.) S. carina-
tA, an associated species of the
Interval B shows a decreasing
trend in the upper part of the S.
Nicola composite section start-
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Tab. 3 - Intervals identified along the S. Nicola composite section and characterized by: high factor loadings; dominant, associated and addi-
tional species; BN > 125 pm.
ing from about 19 m (Fig. 3c); 2) G. swbglobosa becomes
significant in this interval among additional species, and
it relatively increases upward (Fig. 3c). This species is
considered as opportunistic by \Teston Er Murray (1984)
and by Sgarrella (Barra et aL.1,998), as adapted ro sea-
sonal fluctuations of food supply by Gooday (1,993),
and as abundant in areas with high carbon content by
Sen Gupta et al. (1981) and by Miao Ec Thunell (1993);
3) C. wwellerstorfi is not significative in the Interval D,
whereas it is recorded as additional species in the Inter-
val B (Tab. 3). Finally, relatively higher values of BN >
1.25 1tm than Interval B are recorded (Tab. 3).
The Interval D may be considered as indicative of
relatively oxygenated bottom waters, but with a slight
increase of food supply compared to Interval B.
Interval E (30 - 37.3 m; 1 1.45 - 1 1 .10 Ma about)
In this interval Assemblage 2 (Factor 2) domi-
nates again, with abundance of U. proboscidea, togeher
with species of Assemblage 1. Consequently, Interval E
is similar to Interval A, which testifies high surface pro-
ductivity and input of organic carbon, but active bottom
water circulation. Nevertheless, significant presence of
P bwlloides together with the opportunistic species G.
swbglobosa and high values of BN > 125 yt"m (Tab. 3;
point out an higher food supply than Interval A.
Bottom conditions of Tremiti and Malta sections
The Tremiti and Malta composite sections are
stratigraphically correlated and they overlapped between
abort 12.6-1,2.2Ma (Lirer et aL. 2001).
Comparison in this time interval between the
reported paleoecological reconstruction of the basal
part (Interval A) of the S. Nicola composite section and
that of the coeval upper part of the Blue Clays Forma-
tion of the Malta composite section (Bellanca et al.
2002), points out very different extimated paleoba-
thymetries, since a paleo-depth of about 1,OOO m and of
about 500 m have been inferred for the temiti and
Malta composite sections, respectively.
Dominance of Assemblage 2 (dominant species:
U. proboscidea) in the basal part of S. Nicola composite
section is indicative of high surface productivity, input
of organic carbon, but active bottom water circulation
and, consequently, moderate bottom food supply. The
inferred paleoecological bottom conditions from the
whole Malta composite section point out generally
under oxygenated environment, since the Blue Clays
Formation is interpreted as deposited near or within a
(paleo)Oxygen Minimum Zone (Bellanca et al. 2aa2).
Moreover, according to the same authors, in the upper
part of this composite section (about 12.6-12.2 Ma) the
abundance of U. peregrina and geochemical data (Ba
INTERVALS (m)
HIGH FACTOR
LOADINGS DOMINANT SPECIES ASSOCI-ATED SPECIES ADDITIONAL SPECIES BN > l25pm
E 30 - 37.3 Factor 2 U. proboscidea
C. ungerianus, C. pachyderma,
Lenticulina spp.
and C. dulemplei
C. wuellerstorfi,
G. subglobosa, P. bulloides,
B. reticulata, U. barbatula,
U. rutila and S. reticulata
Increasing trend
average values
500 - 800
D 22 -30 Factor l
C. ungerianus and
C. pachyderma
Lenticulina spp.
and C. tlutemplei
U. barbatula, U. rutila
and G. subglobosa
average values
300 - 600
C t5 -22
Factor 3
and subordinately
Factors 4 and 2 U. peregrina-pygmaea
C. ungerianus, Gyroidina spp.,
Lenticulina spp.,
R. ecuattorana,
B. subulata and H. boueana
U. proboscidea,
U. rutila, P. bulloides
and C. cicalricosus
Peaks of
abundance
B 9 - 15 Factor I
U. barbatula, C.
oachyderma, C. ungerianus
and Lenticulina spp.
S. carínatd vnd
S. reticuleta
C. wuellerstorlì and C.
dutemplei
average values
200 - 400
A 0-9
Factor 2,
subordinately factor 1.
Upper part: factor 4. U. proboscidea
U. rutîla, C. pachyderma,
Lenticulind spp.,
C. ungerianus
and Gyroidina spp.
C. dutemplei. C. bradyi,
S. reticulata, S. carinata,
B. reticulata.
Upper part: C. wuellerstorf anc
peaks ofB. subulata
average values
200 - 400.
Upper part:
peaks of
abuncance.
increasing trend) indicate a general increase in produc-
tivity and/or enhanced preservation of bottom organlc
matter content.
Therefore, similar paleoecological bottom condi-
tions and relatively high surface productivity may be
inferred for both temiti and Malta composite sectrons
during the about 12.6-12.2 Ma time interval.
The continuous and significant presence of C.
r.auellerstorfi in the S. Nicola composite section is indica-
tive of a cold Atlantic bottom water. In fact this species,
recorded as characteristic of "true North Atlantic Deep
\(/ater" (NAD\í), is also recorded in Antarctic Bottom
\later (AAB\X/), and it is reported in oceans with tem-
perature not exceeding 5 'C (see a synthesis in Murray
ree l).
Consequently, relatively good connections and a
"Gibraltar" paleo-sill deep enough to allow the relative
abundance of C. u,uellerstorfi in the eastern Mediter-
ranean Sea are inferred to exist between Mediterranean
and Atlantic during the Serravallian.
Conclusion
The benthic foraminifera from the Serravallian S.
Nicola composite section (Tremiti Islands) indicate a
constant paleobathymerry of abour 1,OOO m. The
inferred paleoecological bottom conditions are the fol-
lowing: from the base of the section (about 12.62 Ma)
up to about 1.2,29 Ma benthic foraminiferal assemblages
testify high surface productivity, input of organic car-
bon, but active bottom water circulation and, conse-
quently, moderate bottom food supply; in the upper
part of this time interval, starting Írorn 12.49 up to 12.29
Ma, benthic assemblages testify unstable bottom condi-
tions with periods of active circulation alternated with
periods of sluggish circulation. These conditions change
upwar.d (12.29 - 12.08 Ma about) to relatively oxygenat-
B enthic foraminifera as indicators of p aleo ecological b ottom
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